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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent a photo diode 
deteriorated in frequency characteristic due to a 
parasitic capacitance and adjacent photo diodes from 
malfunctioning by forming a reverse conductivity type 
epitaxial layer on a semiconductor substrate and 
dielectric isolation region piercing the epitaxial layer to 
the substrate. 

SOLUTION: A p-type semiconductor substrate 1 1 uses 
a Si single crystal substrate to mechanically support a 
semiconductor integrated circuit device. An n-type 
epitaxial layer 12 is laminated on the substrate 11 and 
dielectric isolation region 13 is composed of trenches 17 
extending from the surface of the epitaxial layer 12 to 
the substrate 11, wall oxide film 18, and dielectric layer 
19. This region 13 perfectly surrounds and isolates island 
regions 20 which form an optical semiconductor device. 
Thus, the frequency characteristic can be greatly 
improved to realize a high speed operation. Mutual 
interference due to flow-in of carriers generated by 

isolation at the p-n junction is completely avoided and this contributes to the elevation of the 
degree of integration. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Optical semiconductor integrated circuit equipment characterized by forming the 
optical semiconductor device using said epitaxial layer which possessed the dielectric isolation 
region which penetrated the epitaxial layer and said epitaxial layer of the reverse conductivity 
type formed on the semi-conductor substrate of one conductivity type, and said semi-conductor 
substrate, and reached said semi-conductor substrate at least, and was surrounded in said 
dielectric isolation region. 

[Claim 2] Optical semiconductor integrated circuit equipment characterized by forming the 
optical semiconductor device using said epitaxial layer which possessed the dielectric isolation 
region which penetrated the epitaxial layer and said epitaxial layer of the reverse conductivity 
type formed on the semi-conductor substrate of one conductivity type, and said semi-conductor 
substrate, and reached said semi-conductor substrate at least, and was surrounded in said 
dielectric isolation region, and the PN junction formed with said semi-conductor substrate. 
[Claim 3] Said dielectric isolation region is optical semiconductor integrated circuit equipment 
according to claim 1 or 2 characterized by being formed with the trench with which even said 
semi-conductor substrate reached, and the polycrystalline silicon with which said trench was 
filled up. 

[Claim 4] Said optical semiconductor device is optical semiconductor integrated circuit 
equipment according to claim 1 or 2 characterized by being a photodiode. 
[Claim 5] Optical semiconductor integrated circuit equipment characterized by having two or 
more optical semiconductor devices which used said two or more epitaxial layers which 
possessed the dielectric isolation region which penetrated the epitaxial layer and said epitaxial 
layer of the reverse conductivity type formed on the semi-conductor substrate of one 
conductivity type, and said semi-conductor substrate, and reached said semi-conductor 
substrate at least, and were surrounded in said dielectric isolation region, and adjoined. 
[Claim 6] Said dielectric isolation region is optical semiconductor integrated circuit equipment 
according to claim 4 characterized by being formed with the trench with which even said semi- 
conductor substrate reached, and the polycrystalline silicon with which said trench was filled up. 
[Claim 7] Said optical semiconductor device is optical semiconductor integrated circuit 
equipment according to claim 5 characterized by being a photodiode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical semiconductor integrated circuit 
equipment having optical semiconductor devices, such as a photodiode which used dielectric 
separation. 
[0002] 

[Description of the Prior Art] Compared with the integrated circuit device which made each 
separately and hybridized it, the monolithic light semiconductor integrated circuit equipment 
which unified the photodiode which is a photo detector, and its circumference circuit can realize 
a large cost cut, and has the advantage strong also against the noise by electromagnetic field 
from the exterior. 

[0003] That conventional optical semiconductor integrated circuit equipment is indicated to be 
by JP,1~205564,B is known. Conventional optical semiconductor integrated circuit equipment is 
explained using drawing 8 and drawing 9 . drawing 8 — setting — (1) — for the bottom isolation 
region of P+ mold, and (4), as for N+ mold cathode ejection diffusion field and (6), the top 
isolation region of P+ mold and (5) are [ the semi - conductor substrate of P type, and (2) / the 
epitaxial layer of N-mold, and (3) / a cathode electrode and (7) ] silicon oxide. 
[0004] With this structure, the PN junction formed between the epitaxial layers (2) surrounded in 
the semi-conductor substrate (1), the top isolation region (4), and the bottom isolation region (3) 
is used as a photodiode. In this photodiode, it is detected and used for a cathode ejection 
diffusion field (5) from the cathode electrode (6) which carried out ohmic contact, using as a 
current the carrier generated by the light by which incidence is carried out to an epitaxial layer 
(2). 

[0005] Drawing 9 shows the detector. The detection resistance R and Photodiode PD were 
connected to the serial between DC power supplies E, and the operational amplifier OP has 
detected the potential of the connection node of Photodiode PD and the detection resistance R. 
In addition, the capacity C connected to Photodiode PD at juxtaposition is the parasitic 
capacitance by the depletion layer (8) shown in drawing 8 formed of reverse bias potential 
between a top and a bottom isolation region (3), (4), and an epitaxial layer (2) by the dotted line. 
[0006] Moreover, two adjoining photodiodes are shown by drawing 8 . The detector shown in 
drawing 9 is connected to each photodiode, respectively, and, naturally it integrates in the same 
integrated circuit device. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the parasitic capacitance by the 
depletion layer (8) is inevitably formed with the optical semiconductor integrated circuit 
equipment of this structure, a time constant circuit is formed by the detection resistance R 
shown in drawing 9 , the frequency characteristics of Photodiode PD worsen, so that parasitic 
capacitance is large, and it has the trouble which checks high-speed operation. 
[0008] Moreover, if incidence of the light is carried out to the isolation region (3) and (4) which 
have separated between Photodiodes PD when two or more photodiodes PD have been arranged 
adjacently, as shown in drawing 8 , it will flow to both photodiodes PD with which the carrier 
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excited by that cause adjoined. Therefore, it had the trouble detected as the incidence of light 
was made also with the photodiode PD which does not wish for the incidence of light. It also had 
the trouble of reducing a degree of integration, in response to the constraint which forms in an 
isolation region (3) big enough and (4) compared with the spot of the light by which incidence is 
carried out for preventing this, or completely arranges independently photograph DAIO 1 DO PD. 

[0009] 

[Means for Solving the Problem] This invention was made in view of this conventional technical 
problem, and offers the optical semiconductor integrated circuit equipment which prevents 
malfunction of the photodiode with which the frequency characteristics by parasitic capacitance 
got worse and adjoined by separating the ** PITAKISHARU layer surrounding a photodiode in a 
dielectric isolation region. 

[0010] If it depends on this invention, since the dielectric isolation region is used, there is no 
generating of the depletion layer by reverse bias potential between a dielectric isolation region 
and an epitaxial layer, there is no parasitic capacitance by the depletion layer, aggravation of the 
frequency characteristics of a photodiode can be eliminated, and high-speed operation can be 
realized. Moreover, since between each photodiode will be separated in the dielectric isolation 
region when forming two or more adjoining photodiodes if it depends on this invention, even if 
incidence of the light is carried out to a dielectric isolation region, malfunction between the 
photodiodes which the carrier excited by the light was not generated but adjoined from the 
dielectric isolation region can be prevented. 
[0011] 

[Embodiment of the Invention] This invention is explained below at a detail, referring to a 
drawing. Drawing 1 is the sectional view showing the optical semiconductor integrated circuit 
equipment by this invention. Drawing 2 is the top view showing the optical semiconductor 
integrated circuit equipment by this invention. For the epitaxial layer of N-mold, and (13), as for 
N+ mold cathode ejection diffusion field and (15), in drawing 1 , a dielectric isolation region and 
(14) are [(11)/ the semi-conductor substrate of P type, and (12) / a cathode electrode and 
(16) ] silicon oxide. 

[0012] Since the semi-conductor substrate (1 1) of P type has the specific resistance of 200 - 
1500ohm, and cm and is supporting semiconductor integrated circuit equipment mechanically 
using a silicon single crystal substrate when semiconductor integrated circuit equipment is 
completed, it is thickly formed with 300 microns or more. The epitaxial layer (12) of N1 mold 
grows with the Lynn (P) dope by vapor growth on a semi-conductor substrate (11), and a 
laminating is carried out to thickness 4-10micro. This thickness is selected by the optimal 
thickness by the light by which incidence is carried out. 

[0013] The dielectric isolation region (13) by which it is characterized [ of this invention ] 
consists of dielectric-materials layers (19), such as polycrystalline silicon filled up with about 
3000A Wall oxide film (18) which oxidized and formed the trench (17) which even a semi- 
conductor substrate (11) attains, and its front face from the epitaxial layer (12) front face, and a 
trench (17). It is the description to surround completely the island field (20) which forms optical 
semiconductor devices, such as photograph DAIO 1 DO, in this invention in this dielectric 
isolation region (13). Therefore, as shown in drawing 1 , when forming two or more optical 
semiconductor devices adjacently, as for both the light semiconductor device, the island field 
(20) is separated completely in a dielectric isolation region (13). 

[0014] The cathode ejection diffusion field (14) of N-mold is formed in the top face of an 
epitaxial layer (12) of a selection diffusion method at coincidence at the time of the emitter 
diffusion of an NPN transistor. The cathode electrode (15) of the aluminum which carried out 
ohmic contact is prepared in the cathode ejection diffusion field (14). Two or more two or more 
optical semiconductor devices are arranged in seriate, and the optical semiconductor device by 
this invention mentioned above may be incorporated, as it may be independently incorporated in 
semiconductor integrated circuit equipment and is shown in drawing 2 . The PN junction in which 
the epitaxial layer (12) of N-mold with which the semi-conductor substrate (1 1) of P type 
formed the common anode field, and this optical semiconductor device was separated separately 
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in the dielectric isolation region (13) formed the cathode field in, and was formed by the epitaxial 
layer (12) of a semi-conductor substrate (11) and N-mold constitutes the PN junction of each 
optical semiconductor device. 

[0015] Using the same circuit as what is shown in drawing 9 , the detector of the optical 
semiconductor device by this this invention prepares a detector according to an individual, when 
there are two or more optical semiconductor devices. This detector is integrated by the epitaxial 
layer near the optical semiconductor device (12) although it is natural. In the optical 
semiconductor device by such this invention, since the epitaxial layer (12) is separated 
electrically in the dielectric isolation region (13), the seal of approval of the reverse bias 
potential for separation to a dielectric isolation region (13) becomes unnecessary, and generating 
of the depletion layer by the reverse bias generated at the time of PN separation becomes that 
there is nothing. Therefore, there is no generating of the parasitic capacitance by the depletion 
layer, and the time constant circuit formed by the detection resistance R of the detector shown 
in drawing 9 can be removed. The frequency characteristics of optical semiconductor devices, 
such as a photodiode, can be improved sharply by this, and high-speed operation can be realized. 

[0016] Moreover, since the spot (21) of the light by which incidence is carried out to the optical 
semiconductor device according to this individual is usually larger than the width of face of an 
isolation region when the serial shown in drawing 2 is adjoined and optical semiconductor 
devices, such as two or more photodiodes, have been arranged, in case it shifts to the optical 
semiconductor device with which this spot (21) adjoins, ranging over both optical semiconductor 
devices, incidence is surely carried out. Since the carrier excited by the incidence of this light 
from the dielectric isolation region (13) is not generated even if incidence of that spot (21) is 
carried out to this dielectric isolation region (13), since the dielectric isolation region (13) is 
adopted in this invention, the optical semiconductor device with which incidence of the spot (20) 
is carried out greatly certainly can be detected, and the mutual intervention by the inflow of the 
carrier generated in PN-junction separation like before can be prevented completely. 
[0017] Then, the manufacture approach of the optical semiconductor integrated circuit 
equipment by this invention is explained with reference to drawing 7 from drawing 3 below. In 
drawing 3 , the laminating of the epitaxial layer (12) of N-mold is first carried out on the semi- 
conductor substrate (1 1) of P type. At this process, well-known vapor growth carries out the 
laminating of the epitaxial layer (12) of N-mold of 0.5 ohm-cm extent to about about 4~10micro. 
The thickness of this shrimp TAKISHARU layer (12) has the thickness which was usually 
controlled by time amount and was suitable for the light by which incidence is carried out 
chosen. In addition, an epitaxial layer (12) front face forms the 1st silicon oxide (31) by thermal 
oxidation. 

[0018] In drawing 4 , a trench (17) is formed so that an epitaxial layer (12) may be ****(ed). 
About 1000A silicon nitride (32) is adhered with a reduced pressure CVD method on the 1st 
silicon oxide (31). Then, about 5000A phosphorus glass (PSG) layer (33) is adhered with a 
reduced pressure CVD method on it. After acting as a **~king, in order to carry out selective 
etching of the 1st silicon oxide (31), silicon nitride (32), and phosphorus glass layer (33) on the 
trench (17) of a schedule, it covers with a photoresist layer (34) except for the trench (17) top 
which is a schedule. Then, anisotropy dry etching of the epitaxial layer (12) which removes by 
anisotropy dry etching in order of a phosphorus glass layer (33), a silicon nitride (32), and the 1st 
silicon oxide (31), and consists of exposed silicon is performed, and the trench (17) with which 
even a semi-conductor substrate (1 1) reaches is formed. 

[0019] In drawing 5 , after removing a photoresist layer (34), it is filled up with the polycrystalline 
silicon layer (36) which is dielectric materials in a trench (17). About 1000A thin dummy oxide 
film (not shown) is first formed for the side face of a trench (1 7) by dummy oxidation in 900 
degrees C and a steam ambient atmosphere, a phosphorus glass layer (33) is removed further, it 
oxidizes within 1000 degrees C and a steam ambient atmosphere, and about 3000A Wall oxide 
film (18) is formed. Next, the polycrystalline silicon of a non dope is adhered to the thickness of 
about 1.5micro with a reduced pressure CVD method on the whole surface, and the inside of a 
trench (17) is fill uped with a dielectric-materials layer (19). 
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[0020] In drawing 6 , ** TCHIBATSUKU of the polycrystalline silicon deposited on the front face 
is carried out by anisotropic etching, it is removed, and only the polycrystalline silicon in a trench 
(17) is left behind. Next, using a silicon nitride (32) as a mask, selective oxidation is carried out 
and about 2500A cap oxide film (35) is formed in the polycrystalline silicon layer (19) top face of 
a trench (17). Since a silicon nitride (32) is removed after that and a cap oxide film (35) is 
removed by coincidence, a flat top face is formed. 

[0021] In drawing 7 , the cathode ejection diffusion field (14) of N+ mold is formed in the front 
face of the island field (20) formed by the epitaxial layer (12) surrounded in the dielectric 
isolation region (13) by the selection diffusion method. For example, a cathode ejection diffusion 
field (14) is formed in the emitter diffusion and coincidence of an NPN transistor in many cases. 
After forming a contact hole in the silicon oxide (16) of a cathode ejection diffusion field (14) 
after that, it adheres in a spatter, dry etching of the aluminum layer is carried out to a 
predetermined configuration, and a cathode electrode (15) is formed in the whole surface. 
[0022] When magnitude is made into one-side the square of L micro for the front face of the 
epitaxial layer (12) of Photodiode PD and the thickness of an epitaxial layer (12) is assumed to 
be t micro, the stray capacity Cpn of the photodiode PD in the conventional vertical PN-junction 
isolation construction shown in Fig. 8 is [0023] expressed with a formula 1. 
[Equation 1] 

Cpn= £ ° d £ 5 S 

- e 0 e 5 [ L 2 + 4 t L ] 



d 

Cpn- e Q d € *- [ ( L + 2 t ) 2 -4t 2 ] • • • j£ 1 

[0024] Since d is the width of face (micrometer) of a depletion layer (8) here and it is the 
function of the applied voltage to PN-junction separation, under the same service condition, it 
can be regarded as a constant. S is surface area (micrometerxmum) including the side face of 
Photodiode PD, and can also be expressed with a formula 2. 
[0025] 
[Equation 2] 

S - L z + 4 t L it 2 

[0026] On the other hand, since it is as small as the stray capacity of a side attachment wall can 
be disregarded, a formula 3 can express stray capacity with the photodiode PD of dielectric 
separation of this invention. 
[0027] 
[Equation 3] 

a o £ s 

C t r = d L 2 • ■ - 5t 3 

[0028] Therefore, the photodiode of this invention can reduce stray capacity from the 
photodiode PD of the former [ part / of the formula 4 which is the difference of a formula 1 and 
a formula 3 ]. 
[0029] 
[Equation 4] 

— — 4 t L " • ■ • 5£4 



[0030] If L is set as 100micro angle and applied voltage to Smicro and PN-junction separation is 
set to 1V for t, specifically, it will become as in Table 1. 
[0031] 
[Table 1] 
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[0032] The property of the stray capacity Cpn of the photodiode PD of the former and this 
invention is shown in drawing 10 . From drawing 10 , it can decrease about 30% from the stray 
capacity of the conventional photodiode PD of the same size with the photodiode PD of this 
invention. Furthermore, if size of Photodiode PD is made small, the ratio (Cpn/Ctr) of the stray 
capacity of the former and this invention will become large. That is, the ratio of stray capacity 
can be expressed with a formula 5. 
[0033] 
[Equation 5] 

_CJ^_ =1+ 4^ ... .^5 



[0034] This ratio is shown in drawing 1 1 . This shows that the PN-junction area of the inferior 
surface of tongue of Photodiode PD becomes small, and the effectiveness of this invention 
becomes remarkable further. Therefore, when a small spot condenses like the photodiode for 
laser beam light-receiving, it becomes the photodiode of an area small naturally, and the 
reduction effectiveness of the stray capacity by the structure of this invention becomes 
remarkably large. 

[0035] Therefore, in the detector shown in drawing 9 , a cut off frequency fc becomes like a 
formula 6, and this cut off frequency fc is determined by the stray capacity Ctr of Photodiode 
PD. The property Fig. which compared the property of a cut off frequency fc with the structure 
of the former and this invention is shown in drawing 12 . 
[0036] 
[Equation 6] 

f c = ' • • ♦ 56 

2 tvCR 

[0037] On the other hand, since the sensibility of Photodiode PD is naturally proportional to the 
area, if it is the same area, it has the sensibility of conventional this invention. However, with the 
structure of this invention, it becomes possible [ high-speed operation ] only for the part which 
can make stray capacity Ctr small. Since a carrier is not excited here even if incidence of the 
light is carried out to a dielectric isolation region (13) when it adjoins with the structure of this 
invention and two or more photodiodes PD are finally arranged Even if it is the case where the 
photodiode by which optical incidence is carried out was located next to [ which does not wish 
for optical incidence ] Photodiode PD, and this optical incidence has reached the dielectric 
isolation region between both (13) The photodiode PD which does not wish for optical incidence 
can prevent completely the conventional fault of malfunctioning on the carrier excited by the 
leaver section. Therefore, the array of two or more photodiodes PD is free, and since it is 
possible to approach further and to arrange from before, it can contribute also to the 
improvement in a degree of integration. 
[0038] 

[Effect of the Invention] If it depends on this invention, the frequency characteristics of optical 
semiconductor devices, such as a photodiode, can be improved sharply, and it has the advantage 
which can realize high-speed operation as explained above. Moreover, since the mutual 
intervention by the inflow of the carrier generated in PN-junction separation like before can be 
completely prevented when two or more photodiodes are arranged adjacently, the array of two or 
more photodiodes PD is free, and since it is possible to approach further and to arrange from 
before, it has the advantage which can contribute also to the improvement in a degree of 
integration. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] It is a sectional view for explaining the optical semiconductor integrated circuit 
equipment of this invention. 

[Drawing 2] It is a top view for explaining the optical semiconductor integrated circuit equipment 
of this invention. 

[Drawing 3] It is a sectional view for explaining the manufacture approach of the optical 
semiconductor integrated circuit equipment of this invention. 

[Drawing 41 It is a sectional view for explaining the manufacture approach of the optical 
semiconductor integrated circuit equipment of this invention. 

[Drawing 5] It is a sectional view for explaining the manufacture approach of the optical 
semiconductor integrated circuit equipment of this invention. 

[Drawing 61 It is a sectional view for explaining the manufacture approach of the optical 
semiconductor integrated circuit equipment of this invention. 

[Drawing 7] It is a sectional view for explaining the manufacture approach of the optical 
semiconductor integrated circuit equipment of this invention. 

[Drawing 81 It is a sectional view for explaining conventional optical semiconductor integrated 
circuit equipment. 

[Drawing 9] It is a circuit diagram explaining the detector of the optical semiconductor device 
used for the former and this invention. 

[Drawing 101 It is the property Fig. showing the stray capacity Cpn of a photodiode. 
[Drawing 1 11 It is the property Fig. showing the ratio of stray capacity. 
[Drawing 12] It is the property Fig. showing a cut off frequency. 
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